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Review and reconsideration of the application in view of 
Applicants' amendments and remarks are respectfully requested. Claims 16-25, 
27-39, 54-62 and 64-86 remain in the present appUcation. Applicants have 
canceiled Claims 14 and 52. Applicants have withdrawn Claims 1-13, 15, 26, 40- 
51, 53 and 63. Applicants have amended Claims 3, 16, 19, 21, 22, 32, 37, 38, 45, 

54, 58, 59, 69, 70, 74, 77 and 78. 

The Examiner has determined that Claims 26 and 63 do not read 
on Applicants' elected species. Applicants agree with the Examiner's analysis 
and have withdrawn Claims 26 and 63. AppUcants apologize for any confusion 
this caused. 

AppUcants have provided a legible copy of the reference 
SANCHEZ et al. t M.ter, Chem. 1999, Vol. 9, page 35-44. 

The disclosure has been objected to for certain informalities. 
Applicants have amended the specification to provide the proper patent number 
for application 09/81 8,956 on page 4. Applicants have amended page 24 to 

capitalize the trademark LUDOX. 

The specification has been objected to for failing to provide the 
proper antecedent basis for claimed subject matter. Applicants have amended the 
specification on page 23, line 20 to insert "R' is preferably aliphatic, 
cycloahphatic, or aromatic group containing 1 to about 12 carbon atoms" and on 
page 23 line 23 that "R^ is preferably and alkyl or fluoroalkyl of 1 to about 12 
carbon atoms". Support for these amendments is found in Claims 31, 32, 69 and 

70 as originally filed. 

In paragraphs 3, 4, 5 and 6 on page 5 of the Office Action the 
Examiner has said the specification lacks antecedent basis for the recitations in 
Claims 36-39. Applicants have amended the specification at page 10 to correct 
this deficiency. 

In paragraphs 7 and 8 of the Office Action the Examiner has stated 
that Claims 80-83 lack antecedent basis. Applicants have amended the 
specification at page 28 to correct this error. 



-33- 



In paragraph 9 of the Office Action, the Examiner states Claims 
83-86 lack antecedent basis. Applicants have amended the specification at page 
1 1 to provide antecedent basis in the specification for Claims 83-86. 

Claims 14, 19, 21, 22, 52, 58, 59 and 74 have been rejected under 
35 use § 1 12, second paragraph, as being indefinite for failing to particularly 
point out and distinctly claim the subject matter which applicant regards as the 
invention. 

Claims 14 and 52 are considered indefinite. Applicants have 

cancelled these claims. 

Claims 3, 19, 45 and 74 have been amended to provide proper 

Markush language. 

Claims 21, 22, 58 and 59 have been amended to provide proper 

Markush language. 

Claims 37-39, 52 and 77-79 have been objected to due to 
formalities. Claims 37, 38, 77 and 78 have been amended to recite the use of a 
polar solvent medium. Claim 40 has been withdrawn and Claim 52 has been 
cancelled so the objection to Claim 52 is rendered moot. 

Claims 54, 55, 59-62, 64-73, 75-80 and 83-86 have been rejected 
under 35 USC § 102(e) as anticipated by or, in the alternative 35 USC § 103(a) as 
being obvious over US 6,495,300 Bl (Qi). Applicants have amended Claims 16 
and 54 to include the following limitation "fi-om about 5 to 30 weight percent of 
colloidal silica based on the weight of the charge transport polymer". Support for 
this amendment is found on the specification at page 24, line 17-23 and in the 
Examples. With this amendment Qi no longer anticipates every element of the 
claims. 

The Examiner points to Example 1 of Qi and asserts that formula 
IV-a meets the structural limitations of the instant Claims 54, 75, 80, 83, 84 and 
86. However, this polymer is formed into a layer through reaction with an organo 
silane compound in a mixture of ethanol/water and sihca particles. Amended 
Claim 54 requires that the polymer be reacted with 5 to 30 weight percent of 
colloidal silica based on the weight of the polymer. Colloidal silica is 
distinguishable fi-om the silica particles of Qi in that colloidal silica is a 
dispersion. The dispersion is typically basic. The surface of the silica particles in 
colloidal silica are negative so that they repel each other to form a stable sol. The 
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AEROSIL™ 200 silica used by Qi is a fumed siliea made by pyiolysis. Hie pH 
of the AEROSIL™ 200 particles are all about 4. A pH of 4 will not catalyze the 
sol-gel condensation reaction (curing). Thus, Applicants contend that Q. no 
longer teaches every element of Applicants' clatms and a rejecdon mtder 35 USC 
,02 (e) is no, supported. Likewise a rejection under 35 USC 103 (a, is not 
supported as Qi teaches that silica particles be used to form Are layer. S.hca 
particles do not include colloidal silica, as colloidal silica is in the form of a sol- 
ge, and therefore Qi teaches away from the instant invention as defined m the 
amended claims. 

Moreover, fumed silica would not fimction to cure the sol-gel as u 
does not carry with it the basic charge carriers (Na.O) dra. colloidal silica has 
associated with it. T*us, fiuned silica is no. a catalyst for the sol-gel cond«,sa,.on 
reacUon. In Applicants' invention, the combination of acetic acid and sod.um 
oxide on the colloidal silica is the real catalyst. Acetic acid reacts wtth the 
sodium oxide (or sodium hydroxide) to form sodium acetate. This is detatled m 
US Patent 3,986,997 to Clark, column 6 lines 50-55: ".Us Increase in 
hardness. ..is aUntuied ,o ,He eaU.lyHc action ofsodiun. aceUUe .hick .as 
forn^ed upon aMiUon ofcoiloidai silica U, .He aci^fied s„ane. " As stated above. 
Na.O reacts with the acetic acd to form sodium achate, which is a catalyst for the 
condensation. As taught by Clark in US Patent 3,986.997 in column 2. lines 40- 
51- "Lis preferred .a use colloidal silica of 10-30 millimicron par,lcle size ,n 
order U> abiain dispersions ha.ln, a greater stability and toprovUle coatings 
Having superior optical properties. Colloidal silicas of. 1.1s type are reU..t.ely 
free ofNafi and otker ami metal o.ldes. generally containing less .Hat 2 .etgHt 
percent, preferably less tUan , .elgl.. percent Na,0. THey are available as bolH 
acidic and basic Hydrosols. Colloidal silica Is dIstingulsHed from otHer .ater 
disperslble forms ofSiO. sucH as nonparticulate polyslllcic acid and alkali metal 
silicate solutions. .HicH are not operative in tHe practice of. He present 
invention. " Thus only a small amount otNa.0 is desirable. Ludox LS (low 
sodium) which contains O.IO wt %Na.O is used in the Examples of the instant 
application as i. has less free alkali and maybe used to ^ve greater compattbthty 
with water miscible solvents or polymer emulsions. 

Claims 14, 16, 17, 22-25 and 27-39 have been rejected under 35 
USC § 102(e) as anticipated by or, in the alternative 35 USC § 103(a) as bemg 
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obvious over Qi. as evidenced by applicant" admissions a. page 40, lines 8-14 of 
fl,especifica«on. Clain, 16has been amended to require .hepolymerbereaCed 
„i,h 5 .o 30 weitf.! percent of colloidal silica based on a>e wei^t of *e polymer. 
Qi caches away ftom using colloidal s.Uca and .h,s rejection is not suppo««^^ 

Claims 54-62. 64-80 and 83-86 have been rejected under 35 USC § 
,03(a) as being unpatentable over Qi combined wid, Tamura, as evidenc^ by 
Diamond. Materials, p. 426 and Fig. 9.22 a. page 430 

(Diamond) and US 6,376.695 Bl (Kushibiki). As mentioned above Q. does no. 
teach the polymer being reacted with 5 to 30 wei^t percent of coUoidd srhca 
based on the weight of the polymer. Since the amended cla.ms are 
distmguishable over Qi and the combination cited by the Examiner does not malce 
out a prima fecia case of obviousness, the r^eotion should be removed^ 

Claims 56-62, 64-80, and 83-86 have been rqected under 35 USC 
8 .03(a) as being unpatentable over Qi combined with Tamura, as evidenced by 
Diamond and Kushibild. Tlte remarks in dte previous t^ection are applicable 
here and this rejection should be removed. 

Claims 14. 16-25, 27-39, and 52 have been rqected mider 35 USC 
5 103 as being unpatentable over Qi, as evidenced by Applicants' admissions I. 
Lmbined w,th Tamura. as evidenced by Diamond and Kushibiki. The r«na*s m 
Urepr^ous rejection are applicablchereandthisrejectionshouldbe removed. 

Claims 14, 16-21. 23-25. 27-29. 36-39 and 52 have been rqected 
under 35 USC § 102(b) as anticipated by or. in the alternative, under 35 USC 
8103(a) as obvious over US 2001/00171 55 Al (Bellmann), as evidenced by 
Kushibiki and as evidenced by Applicants' admissions 11 a. page 22, lines .2-14 
and 25-26 of the instant specification. Applicants' respectfully n^verse thrs 
rejection. Bellmann does not teach eve^ element in Applicants' invention and 
fte r^eotion under 35 USC § 102(b) is deficient. Bellmann discloses a polymer 
containing 1 to .5 percent of a trimethoxylvinylsilane; however. Bellmann does 
not teach the divalent bridging moiety Y in Claim 1 6. 

I, w^ known and reported vinylsilanes react only sluggishly under 
typical radical polymerization condiUon. If *e Si atom is adjacent to the vinyl 
group, as the structure in trimethoxylvinylsilane, the reacHvity ratio in 
^polymerization is close to zero due to the interactions between the Si atom an 
vily, ^oup. several ..ference examples are: Rao e. al. Fur Polyn, .1 , |989. Vq L 
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7S na^e605: Gaitca et al. Pol.aner Bulletin. 19QQ VnM3 page 171-172; and 
Bellmann et al. r-^.^^ ^/..t.r 7,000. Vol P pa.e 1350 and 1351. Applicants 
have provided copies of these references. In Bellmann's publication, the radical 
copolymerization with trimethoxylvinylsilane disclosed in US 2001/0017155 Al 
(Bellmann) was fed with extreme excess amount of trimethoxylvinylsilane, but 
still yielded very low content of trimethoxysilane in copolymer. The 
polymerization results in Table 1, page 1351 of the publication, indicated more 
than 900/0 of trimethoxylsilane remaining unreacted in all of their polymenzation 
experiments. With the divalent bridging moiety Y in Claim 16 of this Applicant's 
invention, the reactivity ratio of vinylsilane, e.g. methacryloxypropyl 
trimethoxysilane in Examples of this invention, is efficient and yielded copolymer 
with content of trimethoxysilane close to the feed ratio of trimethoxysilane 
monomers. Thus, the rejection under 102 (b) must be removed. 

Moreover, with the amendment to Claim 16, there is no mention of 
a polymer be reacted with 5 to 30 weight percent of colloidal silica based on the 
weight of the polymer. Thus, Belhnan fails to show every element of Applicants- 
invention. Further the secondary reference does not correct the deficiencies m 
this rejection. 

For at least the reasons set forth above. Applicants submit all of 
Claims 16-25, 27-39, 54-62 and 64-86 remain in the present application are in 
condition for allowance. Prompt and favorable action is respectfully requested. 

Should the Examiner require anything fiirther, or have any 
questions, the Examiner is asked to contact Applicants' undersigned 
representative. 

Respectfully submitted. 




Attonie)rf(3tyLpbflicant(s) 
Registration Nol B4,241 

Carl F. Ruoff/cak 
Telephone: 585-588-2718 

Facsimile: 585-477-1148 Attnmev at the telephone number provided, the 

If the Examiner is unable to ^^^^^ "^^^^^^^1^^^^ Operations at 

Examiner is requested to commumcate with Eastman Kodak company ra f 

(585) 477-4656. 
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The design* syntbcsb and some optical prop crt tea of hybrid 
organlc-lnoiganic nanocompodtes materials are pre- 
sented. The properties that can be expected for such 
materials depend on the chemical nature of their compo- 
nents, bnl they also dqicnd on the synergy of these 
components. Thus, the interface in these nanoonnposltes 
Is of paramount significance and one key point of their 
synthesis Is the control of this inter&ce. These nanocom- 
posttes can be obtained by hydrolysis and condensation 
reactions of ofganlcaDy fimctliniallnd alfcoifde precur- 
8018. Striking examples of hybrids made from modified 
silicon, tin and tramltlon mrtal allwwkies are pr ese nte d . 
Smuc optical properties (photochronilc* h nHfai e scence, 
NLO) of sUozane based hybrids are also discussed. 

1 Introifaictioii 

Sol-gel chemistry is based on the polymerization of molecular 
precursors such as metal alkoxides MCOR),.'*' Hydrolysis and 
condensation of these alkoxides lead to the formation of metal 
oxo-polymers. The mild characteristics offered by the sol-gel 
process allow the introduction of organic molecules inside an 
inorganic network.' Inorganic and organic components can 
then be mixed at the nanometric scale, in virtually any ratio 
leading to so-called hybrid organic-inorganic nanooom- 
posites.^ These hybrids are extremely versatile in their composi- 
tion, processing and optical and mechanical properties.' The 
nature of the interface between the organic and inorganic 
oonqxmeats has been used recently to dassify these hybrids 
into two different classes.^ Class I corresponds to all the 
systems where there are no covalent or iono-covalent bonds 
between the organic and inorganic components. In such mate- 
rials, the various components only mbange interactions sudi 
as van der Waals forces, hydrogen bondings or electrostatic 
forces. In contrast, m class II materials, some of the otganic 
and inorganic components are linked through strong chemical 
bonds (covalent or iono-covalent). Numerous hybrid organic- 
uiorganic materials have been developed in the past fe«^ years. 
This devdopment yields many mteresting new materials, with 
mechanical jmperties tunabte between those of glasses and 
those of polymm, vvith improved optical properties (efficiency, 
stalnlity, new sensors, etc) and with improved catalytio or 
membrane based properties.*' This fiehl of materials research 
mani^ arises Ihmi diemists^ ddlb and dcmoDstiatcs the major 
role fjayed-by cfacnistty in advanced materials. 

Siloxane based hybrid^ can be easOy synthcsind because 
Si— bonds are rather oovalentand ttocfore they are not 
bfoken upon hydrolysis. SinulBr clien^try can be developed 
from tin afloniilesL Thb is not ai^icable to transhbn metab 
for whidi the more ionie M— C bond is easily deaved 1^ 

can be ftmctioittl&Bed for any UmI of 'Oigaidc itaotkmi sudi 
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as organic polymerization and lead to hybrid organic-inor- 
gank; copolymers.*"* This article reviews some of the previous 
work we have performed on the design and synthesis of hybrid 
organtc-inorganic nanocomposites in which organics are 
simply embedded or chemically bonded to the inorganic 
gd network. 

2 SBoxane based hybrid materials 

Organic groups can be bonded to an inorganic network as 
networic modifiers or network formers. Both functions have 
been achieved in the so-called ORMOSILS.'*' The precursors 
of these compounds are organo-substituted silidc add esters 
of genera] formula R'^i(OR)4.«, where R' can be any organ- 
ofunctional group. If R' is a simple non bydrolyzable group 
bonded to silicon through a Si— C bond, it will have a network 
modifying effect (Si— CHa). On the other hand, if R' can react 
with itsdf (R' contains a methacryt group for example) or 
additional components, it will act as a network former.^ 
Network modifiers and network formers can also introduce 
other physical properties (mechanical, hydrophobic electro- 
chemical, optiod, etc). Several examples related to some 
optical properties of siloxane based hybrids will be now 
descnbedi 

2- A Pbotoduromk properties 

Spiropyrans and spirooxazines are two of the fasdnating 
families of molecules exhibiting photodiromic properties. 
Upon irradiation, the coloriess spiropyran or spirooxazine 
undergoes heterolytic C— O ring cleavage, produdng oolored 
forms of menKyanines ( Fig. 1 ). 

The merocyanines may interact with thdr environment, le. 
solvent, matrix, etc leading to different photochromic 
responses. Levy and Avnir^^ first demonstrated the unportant 
role played by the dye-matrix interactions on the photo- 
diromic re^Kuise of spiropyrans. They studied the photodiro- 
mism of spiropyrans trapped in sol-gd matrices synthesizBd 
via polymeriaEation of SS(OCH,)4 or RSi(OEt), (R«ediyi, 
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methyl, etc) precursors, and observed two types of photo* 
chromic behavior. 

When the photochromic dye is trapped within a hydropbilic 
domain of the matrix (domain ocmtaming residual Si— OH 
groups), the <^ien zwitteiionic colored , forms are probably 
stabilized thnmgh hydrogen bonding with the acidic sUanol 
groups present at the pore surface. The result of this stalnliz- 
ation is the observation of the colored forms before irradiation. 
These -colored forms can be bleached by irradiation m the 
visible range. This has been termed 'reverse idiotochromism*. 
On the other hand spiropyran dyes embed^ in a more 
hydrophobic hybrid network made by hydrolysis of RSi(OEt)} 
exhibit direct photochromism. Le. the cokwless form is stable 
without irradiation. Such photochromic behavior has been 
reported for many spiropyran or spirooxazine doped sol-gel 
matrices. '^'^ Moreover, for hybrid oiganic-inoiganic matrices 
containing different diemlcal environnients (hydrophilic and 
bydroi^obic domains) a competition between direct and 
reverse photochromisms can be observed.'^ However many 
fundamental questions still need to be considered. Little is 
known conoeming the role of the photochromic dyennutrix 
interactions in the kinetics of coloration and thermal fading. 
As far as photochromic devices are concerned the tuning 
between strong and fast photochromic coloration (high AA) 
and very fast thermal fading is needed. Usually spiropyran or 
spiroox.i/ine doped sol-gel matrices or even qrirooxazine 
doped polymeric matrices exhibit slow thermal fading.'^" 

The photochromic behavior of a spiropyran SP (6-nitro- 
l'.3'3'*trimethyls|»ro{2//-|.benzopyran-2.2'-ittdol)ne|) and a 
spirooxazine SO (I33*trimethylspiro{tndoline-2.3'(3H)- 
napb(2,l-^)(1.4)oxazine)) (Fig. I) embedded within two new 
hybrid matrices have been recently studied.'^ 

Photodunmilc properties of the SP or SO doped D/Zr hybrid 
matrices. The lirst kind of matrix obtained through hydrolysis 
and condensation of (CH3)2Si(OC2H9)2 (D) and appropriate 
amounts of Zr(OPr-)4 (Zr) is labelled D/Zrx, where Zr stands 
for the zirconium, x for the molar amount of riroonium. 

These D/Zrx matrices are hybrid nanocomposites made 
from polydimethylsiloxane species (chains, cycles etc) 
crosslinkcd by zirconium oxopolymcrs.^" The zirconium 
oxopolymers arc hydropbilic domains that still contain some 
hydroxo groups coming from residual ethanol or Zr~OH 
ligands.^ The size and the spacing between the ZfO^ based 
domains is about a few nanometers as evidenced by SAXS.^ 
'^O MAS NMR and FTIR experiments show that inside these 
composites the hydrophobic polydimethylsiloxane species are 
interfaced with the zirconium oxo . domains both throu^ 
covalent Zr^O— Si bonds and through weak interactions 
(hydros and van der Waals bonds).'' The structure of the 
D/Zrx matrices is shown schematically in Fig.Z D/Zrx 
matrices doped with SP or SO are lightly colored (pink with 
SP or blue with SO) before irradiation. However the 
absorbanoe (4) m the viriUe region is weak in comparison 
widi the total amount of embedded idiotochromic dyes. The 
amount of colored form depends on the x content 

Fig. 3 shows the photochromic behavior of SP doped D/Zrx 
gels for three compositions of ziroonium. When the Zr amount 
increases, the A variation due to the ooloiation decreases while 
that due to the decoloration increases: there are more and 
more open forms m the gel The amount of colored form 
increases proportionally with the x content It is mudi higher 
for D/Zr30 samples than for D/ZrlO ones. 

This hsdicates that before irradiation the SO and SP dyes 
are roughly split into two populations. The colored merocyan* 
ine open forms of SO and SP are stabilized by hydrogen 
bonding within the hydrophilic regions made from the zir- 
conium oxopolymers, uliile the dosed SO and SP forms are 
probaUy located hi the environment of the hydro|diobic 
polydhnethykiloxane chams. So for these D/Zrx matrioes the 
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fig. 3 Photocolouration and photoblcaching of SP doped D/Zrx 
mauiccs'* 1(a) x» 10; (b) x=20: (c) jr«30). 

photochromism is partially reversed and can be balanced by 
tuning the D/Zr ratio. 

The thermal bleaching behavior of the D/Zr20 samples was 
fitted with a biexponential equation. The SP doped materials 
exhibited a very long bleaching time (about 24 h) while for 
the SO doped D/ZM materials the thermal fadmg was 
much faster.*' 

The kinetic data of the SP or SO doped D/Zr20 samples 
are similar to those reported for other modified sol-gel matrices 
or in organic polymers." *^ As in organic polymers, the' 
bleaching follows a biexponential equation which can be 
explained l>y an inhcmogeneous distribution of free volumes 
in the gel. Moreover the presence of different stereoisomers 
(cif or trans} could also account for this behavior. The different 
isomer-matrix interactions could explain the different kinetics 
observed for SO and SP. 

The thermal fading is longer for SP doped hybrids than for 
SO doped ones. This phenomenon can be correlated to the 
fad that open forms are Jmown for their tendancy to form 
zwitterionio spedes, while mm charged quinonic species are 
usually favored for open SO molecules. Zwitterionic species 
can be strongly stabafzed by hydfogen bondbg with the 
matrix, thus lowering the decay thnes of thermal fadmg. 



. . off teSP arSOdoped DH/TH 
IqMd matiiees. The second kind of SP or SO doped matrix 
prepared from the hydrolysb - and oooondensation of 
(CH,)HSi(OC,H5)a(DH)andHSi(6c,H,),(TH)piecurBors 
is labelled DH70/TH30 (70/30 refers to the molar ottmp^ 




FIs*4 Schematic representatioD of the eovmmmcnt experienced by 
the SO dye within the matrix DH70/TH30. 



tion). These hybrids can be described as strongly interpen- 
etrated nanocomposites. The enviroiunent experienoed by the 
SO dye within the DH70/TH30 matrix is shown in Fig. 4. 

The SO or SP DH70/TH30 doped matrioes exhibit normal 
photochromism. All the samples are oolorkss before 
irradiation. For the two i^otochromic dyes, the thermal fading 
can be fitted with exodlent agreement with a monoexponential 
equation. This may be related to the qiiasi*liquid molnlity 
observed by NMR for this matrix. 

The time dependence of the absorptbn upon repeated 
irradiation with 365 nm light for SO doped DH70/TH30 
coatings is reported in Fig. 5. The pbotochromic behavior b 
reversible, extremely fast (the rate constaM n 0.2 8~') and 
corresponds to a very high absorption jump {AA^lJl). The 
photoduomic kinetics of these SO doped h^iid materials are 
to the best of our knowledge much faster than those rq)orted 
for SO in any other matrix (sol-gd matrices, organic polymers, 
alcohols, eic.).""""-" 

The very high reactivity of the DH/TH precursors towards 
hydrolysis-condensation reactions (St-OH groups are imme- 
diatly consumed) and the strong hydrophobidty of the 
resulting matrix are both responsible for the direct and very 
fast photochromic behavior observed. 

2-B LnmbMsccirt propcrticsor rare-earth dopedlq^^ 

Neodymium doped sol-gel matrices are suitable luminescent 
materials. However room temperature sol-gel derived matrices 
usually contain a large amount of hydroxy grotjps which are 
responsible for the quenching of the Nd^* emission. Therefore 
the design of sol-gel matrices inside whidi the hydroxy content 
can be minimized^*^ and/or inside which the rare earth is 
protected via cmnplexation'* or encapsulation is desirable. 
Recent work has demonstrated fluorescence emissioa for the 
Nd**» Sm**. Dy**, Er** and Tm** ions doped ni hybrid 
siloxaneH>xide matrices.'* 

These hybrids were synthesized by the following procedure. 
Diethoxymethylsilane [DEMSsSHCOBtMCH,)], absolute 
ethanol and water m a 1:1:1 molar ratio were mixed for a 
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few minutes imder magnetic stirring. A solution of mixed 
alkoxides. Zr(OPi')4 and a corresponding rare earth (M = 
Nd**, Sm**, Dy**, etc.) methoxy elhoxidc was then added 
to the previous solution in order to obtain a Zr : Si molar ratio 
of 1 :9 and M:Si molar ratios of 1 :9\ 0.1 :9; 0.01 :9. The sols 
were deposited onto glass sheets and allowed to gel and dry 
at room temperature. Such transparent coatings were deposited 
several times till a thin layer of about S0-100|mi was 
obtained.^ 

FTIR. >H MAS NMR and ^'Si CP MAS NMR experiments 
have shown that these hybrids can be described as nanocom- 
posites built from siloxane polymers crosslinked by metal oxo 
species. The metal oxo domains are made of mixed 
zirconium-rare earth oxo species. 

Absorptioo-emlsstoo properties of these Nd'^ doped hybrid 
coatings. The room temperature absorption spectrum of Nd'^ 
doped hybrid coatings presented in ref. 25 consisted of some 
broad transitions. The *l9/i— ►^Fj/j^'H,/, transition around 
800 nm, particularty important for diode pumping systems, 
presents a FWHM of around 1 5 nm. The absorption coeffictent 
at this wavelength is around 10 cm' ' for a coating containing 
approximately 4 x 10^ Nd^^ ions cm' ^. This high absorption 
coefficient value indicates that a high Nd'* concentration 
could be introduced into the system without affecting the 
synthesis and the transparency of the films. 

F6r Nd^* ions excited at 805 nm, the emission spectra of 
the *F3;r-^*In/2 transition at room temperature is presented 
in Fig. 6. This emission is broad with a FWHM around 40 nm 
and extends into the NIR range from approximately 1.045 to 
1.095^. A broad emission has also been observed for the 
^F3;i-**l9/j transition." Broad emissions for Nd** are charac- 
teristic of wide sites distribution around the neodymium ions 
in this hybrid materials. Such tnhomogeneous broadening is 
also observed in glassy hosts.^-" Experimentally, one can 
notice that the Nd'^ fluorescence intensity is weaker than 
those reported in glassy or crystalline matrices where the 
quantum efficiency is relatively high.'' 

nuoiesceoceMnetlcsof Nd'^ fai hybrid siloxane based coat- 
bigs. Fig. 7 presents the variation of the fluorescence mtensity 
decay profiles as a function of the Nd'*^ content. Lifetimes 
decrease from 160 |is for 0,4x10* Nd** ions cm"' to 
approximately 200o? for 4x 10*' Nd** ionscm"'. 

It is quite unusual to observe radiative emission of Nd'* 
ions in matrices prepared at room temperature by sol-gel 
processing. Usually the numerotn hydroxy groups present m 
Clascal xerogels obtained at room temperature prevent any 
Nd** radiative emission.'^*'' A thermal treatment at high 
temperatures is necessary to allow the Nd** emission to be 
observed. In all our samples fluorescence is detected, however 
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Fl(. 7 Vanatkm of the Nd*^ fluorcsocitoe decay" (Nd** content in 
atom cm'\ (a) 0.4 x 10.» (b) 4 x 10» (c) 4 x 10". 

the Nd^^ fluoresoettoe decay profiles lead to lifetime values 
lower than those usually recorded for Nd^^ in high tempera- 
ture processed glassy or crystalline matrices. These hybrid 
materials can be de^ribed as a siloxane polymeric network 
made from (CH3Si03;2) units crossUnked by mixed nanoaggre- 
gates made from zirconium oxo and neodymium oxo spedes. 

Depending on the Nd'^ concentration, two different optical 
features arc observed in these hybrid coatings. Both an weU 
correlated with the structure. ( I ) For low Nd' ^ concentration, 
the initial noo-exponential part of the decay profiles vary 
lineariy on a root-mean-square time scale showing the strong 
cros»-t«laxation phenomena. Even if a few vq^h vibrations 
are obsenred in the inframl spectrum* these hydroxy groups 
are not located dose to the Nd'^ ions and at low oonoentration 
the main non-radiative de-exdtatson medtamsms ate the 
Nd'^-Nd*^ interactions. The fact that these nanooomposites 
are made with segregated metal oxo speeies (the dispenkm is 
not statistical aB ofier the sample) leads to Nd^^-Nd*^ 
interactions even for low rare earth oonoentrations. The slope 
measured at kmg tfanes ^ve an indication of the 
fluorescence quantum yield in thn hybrid coating. The ratio if 
of the experimental lifethne at low oonontntioa over the 
calculated radiative lifetime {ri =035) indicates that appnnt^ 
mately 35% of the relaxation occurs radiattvely at low N(P^ 
concentration. This is a high value for a room temperature 
soK-gel pr oce ssed material and this n in agreement with the 
fact thai, at low concentration, Nd'^ ions form dusters at 
retetivdy long distances from the remainhig hydroxy groups. 
(2) When the Nd'^ concentration increases. Interactions 
increase as the Nd'^-Nd'^ distance becomes shorter in the 
nanoaggregates. Simultaneously when the neodymium concen- 
tration increases (the zirconium concentration remaining con- 
stant) the probability of finding neodynuum ions at the surface 
of the metal oxo species increases, rendering the rare earth 
prone to interactions with some remaining hydroxy groups 
located dose to the surface. As a consequence, short lifetimes 
are observed. For a concentration of 4 x Nd'^ ions cm~^ 
the quantum yield is less than 0.01%. This behavior charac- 
terizes nouHradiative d&«xcitation processes due to strong 
energy transfers between Nd^*^ but also non-radiative de> 
exdtation occurring v&i the filling of the ^F^fi-^sn ^ott$y 
gap by vq^b vibrations. Usually, according to the energy gap 
law, tnultiphonon non-radiative contributions do not exceed 
S09& takiog into aooonnt the energy difference around 
SSOOcrn"' between the and levels. In the present 



case, i^omins can interact with the atmnic transitioiis of Nd' ^ 
and this coupling, ^^mlogous to weak efecfiic dipole ooupVog, 
is enhanced «^ tiydroxy groups are dose to the neodymium 
ions. These interactions may explain the low Nd^^ quantum 
effidcnqr vahies and the weak emission observed for high 
Nd'^ concentration. All these results need of course to be 
improved, however they open many possibilities in the field of 
room ten^iefature processed liuninescent films. 

Energy transfer between an organic dye and Nd*^ asfaiorganic 
cfaromo^iore. Codoped rhodamine 6G-Nd^^ hybrid samples 
shows that the rhodamine emission spectra exhibit some dips 
at wavelengths corresponding to the Nd'^ absorption bands.'* 
This feature indicates that radiative energy transfer occurs 
between the organic dye and the Nd^^ ions.^^'^ A photon 
emitted by the rhodamine molecule can be trapped by the 
rare-earth ions in the hybrid siloxane network. 

Furthermore, when excited by an argon laser at 488 nm, a 
wavelength where only the organic dye molecules absorb, the 
codoped (R60-Nd^^) hybrid coating exhibits a Nd'* emis- 
sion around 1.06 |un. No emission was detected around 
1.06 ^m under the same experimental conditions without the 
presence of the oiganic dye inside the hybrid coating. This 
behavior reveals that energy transfer medianisms may be 
favorable for Nd'* emission. 

New Eo*^ doped hybrid organlc-faiorBudc nanocomposites 
synthesized at room temperature. The Eu'^ ton is particulariy 
unique because its broad luminescence band 4f^'-«4r is 
strongly host dependent with emission wavelengths extending 
from the UV to the red range of the electromagnetic spec- 
trum.^ Therefore, the luminescent properties of Eu'^ -doped 
solids have been intensively studied during the past three 
decades. These studies have led to the use of these compounds 
as phosphors, notably blue-emitting Eu^^ iBaMgAlioOn in 
lamp and plasma display pands and UV-emitting 
Eu^^:SrB407 for medical applications and skin tannhig. 
Oystalfine or glassy Eu'^ doped materials are usually pro- 
cessed at rdatively high temperatures."^ Moreover, the 
synthesis and the stalnlization of europium in the divalent 
state under mild synthetic conditions is not an ea^ task. For 
the first thne, we reported recently the room temperature 
qmthesb of new Eu'^ doped hybrid materials together with 
their absorptira and emisntm properties.^ These hybrids are 
obtanied though the hydrolysis and condensation of diethoxy* 
methylsihme (MDBS), methyltriethoxydlane (TRE05) and 
zirconhun tetrapropoxide precurson in the presence of 
europium trichloride. 

Dehydrocondensation of organic hydrosilanes with silanols 
is one of the common methods for the synthesis of the siloxane ■ 
linkage.^' This reaction, yifhkh occurs with the evoluticm of 
hydrogen gai, luls been described as follows:^' 

=Si-H + HO-Si= ssi-O-Sia + H, 

In this sense, alkoxide precursors containing Si*-H groups 
show the possibility of using the Si— H groups as on in situ 
reducing agent wldch allows the formation of metal/silica 
nanoconqx'sites.^ 

In Qur study,^ the in situ formation of hydrogen provided 
by the cleavage of the Si— H bonds was used to generate, 
during the first step of hydrolysis and condensation reactions, 
europium in the divalent state. 

A tyincal absorption spectra (Fig. 8) of these is constituted 
by a broad absorption band in the UV range (200-^400imi) 
attributed to the 4r5tfU4r»5d' (Eu**) transition. 

The emisdon spectra (Fig. 9) of Uie corresponding hybrids 
recorded under exdtation at 355 nm show a broad emission 
oorrespottdmg to the interoonfigurational 4f^5d^-#4fSd^ 
transition centered at 430 nm (oil 232S0cm~')aiulamtracoii- 
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figuralional 4f-4f Eu** emission in the longer waveiengtbs. 
Several bands are obtained corresponding to the 'D<r-»^Fo^t.2.9 
transitions. A Stokes* shift value of dw Eu'^ himinesoenoe 
around 9000 cm~* is obtainedt this shift between the absorp- 
tion and emisaon eoergtes <tf Eu' * UkoM m an oxygen ligand 
field has been assigned to a oomlmiatiott of aystal field and 
nephelauxetic effects.^ These hybrid structures contain oxygen 
atoms in higlier coonfinatHm number environments (highly 
ooofdittated by metal atoms ^yO-Zt/Ba or lu-O-Zr/Eu) 
which produce En*^ emission at longer wavelengths. Moreover 
distortion of the oxygen polyhedra from ideal coordination 
geometry results in a large Stokes' sluft. First measurements 
indicate a En'*^ :Eu'^ concentration ratio of about 5: 1. The 
high Eu'^ content is {nrobabty related to the more efficient 
reductive medium provided by the initial mixture of the 
europium triditoride with the MDES and TREOS precursors. 
Moreover, the intensity of the Eu'^ I m tunesoenoe did not 
diange when the xerogets were stored m air for several months, 
showing that Ba^* ions are efficiently trapped inside the 
hybridmatrix. 

2C QoadratfeNUIprapefticaersBiixai^ 

Most of the sol-^ optics reseaidi devoted to iB(m<tear «^ 
(N1X>) materials was hdtfally idated to thiid Older processes 
which ait compatible with the isotiopy of amorphoitf sol-^ 
matrices. OrgMc mclecitles fannte amnphoa sd^ matt^ 
are hi geneitd landcmily oriented thuSriiiBng oitflbe erais^ 
ofseoomlhafmoiikgeneratioit As second ofd^fiOtti^aiesrities 



are only achieved in a non-centrosymmetric environment, we 
first demonstrated that orientation of organic chromophores 
can be performed in hybrid sol-gel matrices^^"^ by using 
electrical field induced second harmonic (EFISH) or corona 
electrical field poling techniques. Organic molecules such 
as JV-(3-triethoxysilylpropyl)-2,4-dinitrophenyhttnn)e (TSDP) 
were chemically bonded to the oxide backbone of gels. The 
chemical bondmg of the dye to the sol-gel matrix allowed dye 
concentration to be increased without any crystallization 
errects.**-^ 

A first generation of sol-gel matrices was synthesized oiy 
oopolymerization of silicon alkoxysihines (TSDP and 
SiHCHaCOEt),] and ziicottium propoxtde precursors.^' The 
sols were deposited as transparent coatings and exhibited after 
corona poling an SHG response of 1.6 pmV'.^ Even if in 
this first generation of sol-gel matrices rehucation of the 
organic chrmophores occurred over several hours, these 
results suggested the feasibility of polmg techniques into hybrid 
inorganic s6l*gel matrices nMire ionic than classical polymers. 
Consequently a range of opportunities for the synthesis of 
optical sol-gel devices with efficient second harmonic proper- 
ties was discovered. Since then, there has been increasing 
interest in second order NLO materials synthesized via sol-gel 
chemistry.*'^ 

The optimization of the second order NLO response of 
hybrid sol-gd matrices with grafted chromophores is currently 
under investigation by several researeh groups. 

Several strategies are used to improve the NLO response of 
the hybrid coatings.*^ (i) The intrinsic NLO response of 
the dye can be increase by using chromophores such as yV-(4- 
nitrophenylH'Prolinol (NPP) or disperse red one (DRl) 
derivatives which exhibit higher non linearities than nitroanil- 
ine ones, (ii) The chromophore relaxation can be controlled 
. by increasing the matrix rigidity. This point is without doubt 
the most important in order to be able to make efficient NLO 
devices. The modification of the binaiy composition (silox- 
ane-crosslinker), the nature of the M(OR)4crosslinking alkox- 
ide lSiR',(OR)4-.-M(OR)4: R'=any NLO chromophore; 
M»Zr, Si, Ti, etc), and the processing of these hybrid 
materials in the presence of polymers with well known mechan* 
ical properties such as methyl methacrylates or polyimides, 
are the most commonly used strategies to minimize dye 
relaxation. The strategies we have used to improve the NLO 
response of hybrid materials will be llustrated in the two 
following sections. 

TSPD/TMOS based hybrids with NLO properties.'^ The 

second generation of hybrids investigated were made via 
hydrolyris and co-condensation of tetramethoxysihine 
(TMOS) and ^-(^triethoxysilylpropyl)-2,4idinitrophenylam- 
ine (TSDP) [Ftg. 10(a)] precursors (T and Q are common 
notations referring to the oxo trifunctiooal R'— SiOj and 
tetrafunctional Si04 central units, respectively). FTIR, "O 
and ^ NMR experimenU mdicated the existence of Imear 
and cyclic siloxane (T-T). oligomere and silica (Q-Q)» units 
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1^ 10 ChaftsbleMU> dyes: (a)»TSDP (b)»IGrB».Redt7. 
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linlwd^throiigh stableT-CM) bridges foniifid in the early 
stag^iif the prooess* Films of thidaiess 1-S pm weie easily 
ohtained throng spin^oMitiiig. In such systems gelation prob- 
ab^oocors through the crasdinkBQg of siloxane polymera with 
Q silica baseit species. The degrees of condensation of T and 
Q uniu measured in the solid stote by ^ MAS NMR 
spectroscopy are much higher m xerageb than in sols and this 
diflfefence demonstrates that a huge number of condensation 
and crosslinldng reactions still oocur upon solvent removal. 

The mobility of the NLO chromophores, as observed by 
high-resolution solid-sute NMR spectroscopy, is also 
correlated with the glass^transition phencnnenon of the matrix 
observed by DSC.^^ This gbus tranntion phenomenon cone* 
sponds to the glass transition of the polysOoxane network, r,. 
the glass^transition temperature* increases with the TMOS 
content, while the apparent variation of heat capacity corre- 
sponding to decreases. These results, as well as the analysts 
of the polarization transfer in MAS/CP/DD ^ NMR expert* 
ments, are consistent with the relatively high degree of inter- 
penetration of T and Q units. Therefore, these hybrid 
TSDP^MOS coatings can be described as nanooomposites 
made of silica rich domains and siloxane rich domains. Many 
Q and T species are mutually sequestered at the nanometer 
scale. Their microstructure is schematically pictured in Fig. 1 1. 
The white parts correspond to the silica-rich phase inside 
which some T uniU (black dots) are sequestered. The black 
spheres correspond to Uie polysiloxane rich phase which 
participates in the glass-transition phenomenon and contains 
Q units (white dots). The sizes of the polysiloxane and silica 
domains depend not only on the chemical composition but 
also on the drying procedure and consequently on the solvent 
and sample thickness. 

The TSDP/TMOS ratio, proton concentration, hydrolysis 
ratio, sequence of mixing the reagents and ageing time of the 
sol are the chemical parameters tiiat should directly influence 
a and b values diaracterizing the lengh of tiie constituent 
linear and cyclic sitoxane (T-T)« oligomers and silica (Q-Q)fr 
units respectively. 

However, it has been demonstrated that tiie mechanical 
properties of hybrid siloxaneH>xide materials, and dius the 
relaxation behavior of chromophores grafted in these matrices. 
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Fig. II Schematic rejnesenution of TSOP-TMOS based hybrids.'' 
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also strongly depend on their thermal histoty. Chemical 
crossllnktng is not complete at gelation or even after RT air 
drying as shown by ^i NMR experiments.'' Upon ageing 
and Gttribg the chianica] reactions continue towards com- 
pletion. Cbnsequentiy, given sufficient time and temperature 
to allow mobility of the species a network forming system 
oontmues to crosslmk long after gelation. The increase of the 
density of crosslmks modifies the therroomechanical properties 
of tiie hybrid as illustrated by the changes observed in r, 
upon thermal curing." 

Another prooessmg parameter which has great importance 
is the electrical field used to poled the NLO chromophores. 
Accelerated field induced curing must occur in these hybrid 
TSDP/TMOS materials. The high electrical fidd provided 
during poling must favor crossKnking and interpenetration of 
both polymeric T and Q networks. Thb was described by 
Hanivy and co-woricers,^ who have shown that greaUy 
accelerated curing occurs under ambient conditions on thin 
films processed from dloxane resins prepared by the sol--gel 
process when they are exposed to an intense corona-dischaige 
field. The corona cured sol-gel films exhibited a more compact 
matrix as manifested 1^ the lower mobility of the embedded 
chromophores and a more hydrophilic surface than thermally 
cured ones. They suggest tiiat the fidd induced removal of 
condensate small molecules and solvents allows betteiL: 
completion of the reactions and more efifeient crosslinkin^^^^ 

Compared to the tremendous amount of work and Ume 
devoted to polymeric NLO materials, NLO materials made 
by sol-gel are still in Uieir infancy. For these system, depending 
on chemical composition, the SHG values range between 2.S 
and 10 pm V"'.*^ " Moreover, the sol-gel materials described 
in this work have r, values in the range of 30^70 X, well 
below the state of the art obtained with pure organic polymeric 
materials based on polyunides^^ which are highly non linear 
and stable for hundred of hours at temperatures higher than 
100 ''C. However, the excellent knowledge of such systems 
allowed us within a short period of time to derign a third 
generation of hybrids with a highly improved NLO response. 

ICTES-Rcdl7/TMOS based hybrids with NLO properties. 

The third generation of hybrid organic-inorganic nanocom- 
posites was designed on tiie basis of the following specifica- 
tions: the NLO dye must have a high NLO response, it roust 
be anchored by more than one trifunctional link and silica 
was kept as the crosslinking agent because coatings of better 
optical quality were usually obtoined with binary silica-silox- 
ane materials.'^ In order to be able to perform double grafting 
of an NLO chromophore, the Red 17 [4-(amino-M^-dietha- 
nol)-2-methyl-4-nitroazobenzene] with a very efficient quad- 
ratic hyperpobrizability [^(0) (Red I7)»S5 x IQ-'o esu] was ' 
futtctionallzed with two alkoxysilyl groups by a coupling 
reactio n bet ween the dye and 3-isocyanatopropyltriethoxysU- 
ane (ICTES).^'* The resulting alkoxysilyl functionalized 
NLO precursor, ICTES-Red 17 [Fig. 10(b)] was hydrolyzed 
and oo-condensed whh TMOS in order to obtain the hybrid 
sUoxane-silIca nanocomposite. From the resulting sols, coat- 
ings with a diickness of a few pm can be dented. The 
resuhfav hybrid materials do not exhibit r, aooordmg to 
DSC results. 

Non-resonant second-order non-linearities as high as 
150-200 pm measured on these hybrid systems, with 

significant kmg-tcrm stability ( of signal lost after i20 days) 
have been reported." The tiiermal statmity at 80"C has been 
shown to be excdient, making the ICTES-Red t7/TM05 
systems competitive caiididates for non-linear optics systems. 

Chemkal characterization (FOR, ^i MAS NMR, 
UV-VIS spectrosoojpy) and tfienhal assisted At Mtu poUng 
studies performed on these coatings revealed the importance 
of the p r oce ssin g , and history of tiiese systems. Three param- 
eters are of paramount importance^ (i) Aging of the sohiiiott 



has been shown to greatly influence the amplitude of the final 
non-Knear signal. This results from improvement of crosslink- 
ing efficiency and from modifications of the distiibution 
between cydtc and linear siloxane species, (ii) Thermal precur* 
ing of the samples at 150 X was found to markedly improve 
the non-linear response as well as its stability, (iii) Optical 
poling recently tested in sol-gel derived matrices can also be 
used to improve the chromophore anisotropy^ 

These very reproducible results'" " arc very promising, 
however as far as NLO devices arc concerned they must be 
completed by measurements of electro-optical efficiency, 
waveguiding properties and the evaluation of the optical losses. 

3 Hd mo spedes based hybrid materials 

Tm is a very interesting element because its characteristics 
make it intermediate between silicon and the transition metals. 
Like the latter, tin exhibits several coordination numbers 
(generally from 4 to 6) and coordination expansion makes 
hydrolysis-condensation reactions of tin alkoxides fast. But, 
as for silicon, the Sn-C,pS bond is stable, especially towards 
nucleophilic agents such as vrater. Thb last characteristic 
allows one to chemically link organic moieties to the tin oxo 
polymers/oligomers but it also reduces the inorganic func* 
ttonality of tin and therefore favors the formation of oxo 
clusters. These oxo clusters can be used as nanobuildteg blocks 
in the design of new hybrid materials.**"'* 

The nanobuikiing block ((RSn)i2(firO)i4(M'OH)6f \ the 
structure of whidi is shown in Fig. 1 2 can be obtained through 
several chemical pathways: hydrolysis of RSnCOPr')) or 
R$nQ3 or by refluxing in toluene butyltin hydroxide oxide 
IBuSnO(OH)] in the presence of sulfonic acids (R'SOjH)**"'" 
and more recently Jousseamme el al. opened a new route to 
this cluster through hydrolysis of functionalizcd trialkynylor- 
ganotm precursors.'* 

This compound is made of a tin oxo-hydroxo duster with 
a equal numbers of six- and five-coordtnatc tin atoms. This 
cage-like cluster is surrounded by twelve oiganic chains (butyl, 
butenyl, etc.) which prevent further condensation. Depending 
on the synthesis conditions the 2+ positive charge can be 
compensated by a large variety of anions (OH^.a'. sulfon- 
ates, carboxylates. etc.). The position of the charge ccMnpensat- 
ing anions in the structure indicates that the 2+ dmiige is 
equally located at both cage poles, where six-ooonlinate tin 
atoms form hydroxylated |RSn(OH trimers. 

This duster is confinned both in solution by "^n NMR [it 
is diaracterized by two chemical shifts located at about -280 
and -450 ppm (Rabutyl or butenyi)] and a set of scalar 
tin>tln couj^g satellites and In the solid state through * '^AS 
NMR spectroscopy.^*'* Thus, this duster can be followed 
easQy throughout the polymerization or crosslinking reactions 
needed to tranform it into a hybrid material. As a consequence 
((RSn)MO|4(OH)6)*^ is a good nanobuildtng block for the 
synthesis of well d^ed tin-oxo based hybrid materials that 
can be used as modds. 
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Moreover, these dusters exhibit a high versality for the 
design of hybrids (Fig. 13). {(RSn),20u(OH)ft)'*2X* can 
be assembled through organic networks by using the covalent 
interface provided by the Sn-C bond or by using the ionic 
interface associated with the charge compensating anions X~ 
or even by using both interfaces. In the first case the organic 
moiety carried through the Sn-Csp> links should be polymeriz- 
able (Rs butenyi propybnethacrylate, propylcrotonate, 4- 
styrylbuty], etc.). In the second case charge compensating 
organic dianions must be able to bridge the clusters. This can 
be performed by using dicarboxylates,^ or (x,a>-telecheiic mac- 
romonomers terminated by carboxylic or sulfonic groups.^' 
As an example, the coupling of these dusters by carboxymethyl 
terminated PEG macromonomers" is schematically shown 
in Fig. 14. 

Another strategy could be to use polymerizable anions 
(methacrylate, 2-acrylanudo-2-methylpropane* I -sulfonate, 
etc.) as monomers for organic polymerizations reactions.^*^ 
By a simple add-base reaction, the oxo-hydroxo butyltin 
macrocation, ((BuSn)i20t4(OH)6l'^, was functionalized 
with 2-acrylamido-2-inethylpropane- 1 -sulfonate, affording 
nanobuilding blocks with two highly polymerizable groups.^ 

For the first ttme,*^ the direct polymerization of such 
functionalized oxo-hydroxo butyltin nanoclusters has been 
successfully performed, yidding hybrid materials in which the 
nanosized morganic component is perfectly defined. TWo types 
of organic components are found in such materials. The butyl 
groups covalently bound onto tin atoms, and, more import- 
antly, poly ( 2-acrylamido-2-methylpropane- 1 -sulfonate) chains 
which interact through dectrostatic interactions with the 
oxo-hydroxo butyltin macrocalions and afford the crbss> 
Imking. 

Such an approach to the constnictton of tin-based hybrid 
materials from bifunctional nanobuilding blocks was pre- 
viously attempted with pure {(BuSn),iO|4(OH)^)- 
(O^CX:(CH3)'»CH2)2 but failed as its homopolymerization 
appeared mipossifate.^ Addition of a co-monomer 
[CH)03CX:(CHj)»CHa] allowed the polymerization, but 
recent resulu have indicated that little crosslinking was 
achieved, the methacfybte charge compensating anions acting 
mainly as termination agents.^ These difficulties may be 
related to the fairiy large molecular wdght of the precursor 
(oil 2600 gmol''). but also to the shortness of the metha- 
crylate functional anions which induce high steric hindrance. 
The second reason seems to prevail, as the use of AAMPS, 
where the polymerizable acrylamido group is more distant 
from the anionic anchoring head, allows the formation of a 
hybrid polymer by simple homopolymerization. More work is 
currently under way to obtain some information on the average 
length of the poly(2-aGiylamido-2-methylpropane-l -sulfonate) 
chains, whicb are probably short owing to strong steric 
hindrance. 

4 Moieoilardei^ of traositioii metal idkoxite 
the synthesis of l^brid oi6iuile-4iiof9Uiic 
copolynwfB 

The chemical tailoring performed with systems containing a 
Si— C bond cannot be directly extended to pure transition 
metals because the more tonic M— C bond is broken ^own 
upon hydrolysis. Organic modification can however be p6^ 
formed by meaqs of strong complexing Jigands. The best are 
P-diketones and allied doivatives, potj^ydroxylAted tigands 
such as polyols, and a- or P-hydroxyadda; These? Uganda (HL) 
react rnutily with transition metal alkoxider 'M(OR)4 (Ma 
Ce, Tl, Zc etc) to ywM new precursors M(QR)a^«(LXr^'^ 
Upon hydipolysing these new precursors, most of'the aUcoxy 
groups are quickly removed while all strong oomirfexing ligdnds 
cannot be completely amoved. Complexmg UgaAds apfkeav to 
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Fig. 13 Scbematic represeaiaUon of tbo Htutpn that can be used from a hybrid [(RSn)„(ii,-0)i4(|ipOH>fti'^2X'* nanobuikliiv Mock. 

by partial hydrolysn of the alkoxy groups and radical polymer- 
izatum of the aOyl functmns. However polymerizatton of allyl 
functions is slow and the degree of polymerization remains low. 

More reactive methaciylic acid can also be used as a 
polymerizable dielatfaig ligand. The sol-gel synthesb of zir> 
oodum oxide based moQoliths synthesized by UV copolymeiiz- 
ation of zireonium oxide sols and organic monomers was 
recently reported." However, as caiboxy Be fimctions are weak 
Ugands» thqp are larg^ removed upon hydiolyas**^' and thus 
a large number of the chemical bonds between oqjanic and 
moigimie networks is lost hi the sol state. 

Therefore a new approach was chosen with diflferent ligands, 
such as acetoaoetoxyetbyhnethacrylate (AAEM) and methac* 
ryto mido sa Kc ylic acid (MASA), v^iidi contain botfi a strong 
didatmg part and a highly reactive methaciybte group.* 
Zifconium-oxo-PAAEM copolymers were synthesized fr^ 
zirconium propoKide modified at the motodar level with 
AAEM.* These Iqrbrid otganioHnotganic copcrfymen are made 
of ziiconium oxo-polymm and pdymethacrylate cfaahis. The 
zirooniuip oxo spectes^ in which zirconium is coordinated to 
seven ojQ^ens, dre chemically bonded io inetUacrylate diains 
throu^ the p<diketo oomplexfaig ftmctioiuThe toipplesatioo 
ratio (AAEM^) i^ihe key pammeter iii^cfa cdnir^ the 
stmctulb and'the texture of these hybrid nxatoiaij (schiRiDatic 
structure Fi& 15). Careful adjustment of this paramtei^ leads 
to the taOoiing of *the ratio between organio uid^ifaiorganic 
components and also to zirponlum oxo q)ecies witfi more or 
less open structures. The inorganic/organie ratio increases 
when the complexation ratio decreases. For a hiiJi cant- 
plexation ratio (0.75) both networks hiterpenetmte hitunatdy 
at the nanottieter scale, while for a low ntib (0.25) the size of 
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fifr 14 Schcnaticai 
hybrids obtained thtoiidi 
aM!>I%0 carboxylatet.^ 



of the tin oxo-hydraco dotteis 
of[(RSiO,A««HI),rwilh 



be quite sUible towards hydrolysb because of dselate and sterk 
hisdranpe effects. Thus* they aDour organic groups to be 
an^red to transition metal oxo-polymeric species and allow 
the ssmthesis ofoew hybrid organic-inorganic materials. 

Organically modified TtO^ gels, whi^ give photodmnpic 
cbatings, were synthesired from an allyl aoclybw^one modified 
T1(OBt^)4 alkoxsde.''^ Double polymerization was performed 
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Fig. 15 Schonatie stnictttio of class II hybrid inateriab made from 
ziiconium n-proptncide co ro picacd by aoetoaoeUnyelhyimcUucfyiate 
(AAEM)* 



the inorganic domains increases to the sub-micrometer range. 
Organic and inorganic growths are not independent and such 
systems probably exhibit similar behavior to the so-called 
interpenetnituig polymer networks. 



5 Condusioiis 

The combination at the nanosize level of inorganic and organic 
or even bio-active components in a single material makes 
accessible an immense new area of materials science that has 
extraordinary implications for developing novel multi-funo- 
tional materials exhibiting a wide range of properties. This 
fasctnatmg new Reld of research brings together scientists 
working in many different domains. Among soft chemistry 
processes, sol-gel chemistry offers versatile access to the chemi* 
cal de«gn of new hybrid organic-inorganic materials. Many 
new combinations between inorganic and organic or Inological 
components will probably appear in the future. Yet, better 
understanding and control of the local and semi-local structure 
of these materials is an important isstte> especially if tailored 
ptoperttes are sought 

To achieve sudi a control of the material structure, the 
assembly of writ defined rtanobuilding btocks b an hiteresting 
approach. The imnganic components are nanometric and 
mottodispersed. Their structures are perfectly defined, which 
probably facOitates the duiracterimion of the final materials. 
The variety found in the nanobuilding blocks (nature, struo- 
tuie» functionality) and links, associated with different assemb- 
fiog strategies, allow very difibent types of architectures and 
organio-ittorganie mterfaoes to be formed.^ Moreover, the 
8tBp4iy-6tep preparations of the materials usually allows some 
control over their semi-local structure. One can also combine 
the nanobuilding blocks approach with the use of organic 
templates that self-assemble and allow, through weak forces, 
control of the assembly step. With the aim of organizmg/ 
structuring the nanobuikling bloda prior to their assembly, 
one can also functionalize them with mesogenic groups and 
give them self*organiang properties. 

As described by Mann et o/,^ the traditional view of 
inorgsinic solids as condensed matter is currently being 
reshaped by new insight in materials synthesis.''^''' A new 
paradigm, organized matter chemistry, is being formulated. In 
this field the sol-gel chemistry of organized matter is a very 
promisittg field of research which is just beginning to be 
eqtlortd. Hybrids of both Class I and and more particu- 
lariy those obtained through the *nanobuikIhig block 
approadi' will have parantount hnportanoe iH the exploration 
the theme of 'synthesis with constructioa' of hierarchically 
organised (structure and function) materials. 
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